Objective: The bursa of Fabricius (BF) is a central humoral immune organ belonging speci fically to avians. Recent studies had suggested that miRNAs were active regulators involved in the immune processes. This study was to investigate the possible differences of the BF at miRNA level between two genetically disparate duck breeds. Methods: Using Illumina nextgeneration sequencing, the miRNAs libraries of ducks were established.
INTRODUCTION
Compared with mammals, avains have a specific central humoral immune organ which is named the bursa of Fabricius (BF) and plays an important role in immune resistance [1, 2] . In 1621, the bursa was originally described by Hieronymus Fabricius [3] . Subsequent researches have shown that BF is involved in the occupation, proliferation, differentiation and maturity of B lymphocytes which are one of the most significant immune cells that can produce immunoglobulin (Ig) when the body is stimulated by antigens [4, 5] .
MicroRNAs (miRNAs), as functional and small noncoding (~22nt) RNA, are essential regul ators for gene expression [6] . miRNAs play a critical role in various aspects of the immune system. In one aspect, miRNAs exist in the immune organs among cells that are proliferation, differentia tion and dying [7] . For instance, through establishing and comparing small RNA libraries derived from the bursa and spleen of embryonic chicks at days 15 and 20, Hicks et al [8] found that many identified differentially expressed miRNAs displayed dynamic expression patterns and some of them can regulate lymphocyte proliferation and apoptosis, such as miR-221 and miR-17-5p [8] . Treating chicken embryos lymphocytes with antimiR143 in vitro, Trakooljul et al [9] detected expression changes of downstream target genes and found that miRNA-143 may be involved in the regulation of lymphocyte proliferation and apoptosis [9] . Chen et al [10] found that the miRNA-181-a expressed selectively in B cells of thymus and can lead to B cell proliferation through adaptive special expression in hematopoietic stem cells of mice [10] . On the other aspect, miRNAs are involved in the regulation of the immune response. For example, 79 miRNAs that showed distinct expressions be tween marek's disease virus infectedchicken splenic tumors and nontumorous spleen tissues were identified by microarray [11] . Wang et al [12] demonstrated that gga-miRNA-21 can inhibit replication of infectious bursal virus through downregulating of infectious bursal disease virus viral structural protein viral protein 1 at translation level [12] . The miRNA-155 participated in the reaction that B cells produce high affinity antibodies and memory cell [13, 14] . Although some miRNAs have been iden tified in chicken BF, and they were subsequently revealed to be involved in BF immunity processes [8] , there is still much to investigate regarding the function of conserved miRNAs and novel miRNAs in poultry BF.
Immune resistance to disease can be greatly influenced by the genetic background. It had been demonstrated that there were differentially expressed miRNAs between two genetically dis parate chicken lines after inducing virus, and further studies demonstrated that different disease phenotypes led to the identi fication of host immunity genes regulated by miRNAs [15, 16] . Therefore, the present study aimed to distinguish conservative and differently expressed miRNAs of BF resistance in ducks by enriching the differentially expressed miRNAs in BF between two genetically different duck breeds through next generation sequencing technology.
MATERIALS AND METHODS

Sample collection and RNA isolation
Jianchang duck (JCH) and Nonghua Pstrain meat duck (NHP) were two different duck breeds being reared in Waterfowl Breeding Experimental Farm at Sichuan Agricultural University. The two breeds of duck had the same nutritional standards and environ mental conditions. Food and water were available ad libitum. Six randomly selected JCH and NHP were euthanized at week 3, 4, and 5. Then bursa of Fabricius was separated from adhering tissues and all samples were frozen in liquid nitrogen and stored at -80°C. Tissue samples of six individuals in each duck breed were pooled and partial pooled samples of week 4 were sent to sequence. Total RNA of all samples was extracted using trizol (Invitrogen, Carlsbad, CA, USA), following the manufacturer's instructions. All procedures of the entire experiment were appro ved by the Animal Ethics Committee of Sichuan Agric ultural University.
Construction of small RNA libraries and solexa sequencing RNA integrity of the two samples was confirmed using Agilent 2100. Two sRNA libraries (bursa of Fabricius in JCH and NHP) were constructed using Small RNA Sample Pre Kit (Illumina, San Diego, CA, USA) following the manufacturer's instructions. Making use of the special structure of sRNA that 5' has the inte grated phosphate group and 3' has hydroxyl, the total sRNA was ligated to 3' and 5' adapters using T4 RNA ligase. Subsequently, reverse transcription reactions were performed using the reverse transcription (RT) primer, and polymerase chain reaction (PCR) were performed using the forward and reverse Illumina primers. The PCR products were purified by gel electrophoresis (PAGE) and the separated DNA fragments were the cDNA libraries. Then the library preparations were sequenced on Illumina Hiseq 2000 platform.
Analysis of sequence data
Through base calling, the original image data of sequencing was analyzed into the sequenced reads, they were called the raw reads. In order to obtain the clean reads, we filtered out the reads of lowquality, and the reads with the percentage of N more than 10%. In addition, reads were removed with 5′ primer contami nants or without 3′ primer insert fragments. After trimming the 3' adaptors, removing the reads including polyA, poly T, poly C, and poly G, the clean reads were mapped duck genome database (BGI duck 1.0 reference Annotation Release 101) and compared with the distribution of the known miRNAs. The novel miRNAs were predicted by the software miREvo and mirdeep2 [17, 18] . With the statistics and normalization of the expression of miRNAs in two samples through transcript per million (TPM, normal ization expression = readCount×1,000,000)/libsize) [19] , the differential expression of miRNAs were compared by DGEseq in the two samples [20] . The 0.05 of pvalue and log2 Foldchange (log2[JCH/NHP]) were calculated to filter the significant differ ential expressions. GOseq Release 2.12 was used to analyze the gene ontology (GO) enrichment of differential expressed miRNAs. According to the relationship between miRNAs and target genes, we analyzed the distribution of target genes in GO through three categories (cellular component, biological process, molecular function). KEGG is the main database of pathway for under standing the highlevel functions and utilities of biological system (http://www.genome.jp/kegg/). We used KOBAS v2.0 software to calculate the expression of the miRNA target genes in order to find which pathway was involved.
Verification of different expressed miRNAs using real-time polymerase chain reaction The total RNA were reversed transcribed into firststrand cDNA according to the manufacturer's instructions of miRcute miRNA reverse transcription kit (TIANGEN, Beijing, China). Some significantly differentially expressed miRNAs were selected to verify by realtime PCR. The mature sequence of miRNAs and information of primers are listed in Supplementary file 3. U6 was used as the housekeeper genes. The miRcute miRNA RT PCT kit (TIANGEN, China) was used to determine miRNA expression, which was carried out using an iCycler IQ5 Multi color realtime PCR detection system (BioRad, Hercules, CA, USA). The procedures included 30 s of predenaturation at 95°C, followed by 40 cycles of denaturation at 95°C for 5 s and 60°C for 30 s. Realtime PCR analysis of each sample was repeated in triplicate. The data were calculated by the normalized relative quantification method followed by 2 -ΔΔCt [21] . All data were calculated according to the normalization of log2 Foldchange (log2[JCH/NHP]) to compare the predicted value and experi mental value and verify the accuracy of the sequence.
Data analyses
All data were processed using the MS Excel program. A ttest was employed to analyze the significance of the differences between the groups at a level of p<0.05 using SPSS 13.0 software [22] .
RESULTS
Data quality of small RNA and statistic of sRNA mapped reference database Two small RNAs (sRNA) libraries (JCH and NHP) were con structed and sequenced. A total of 11.5 and 12.0 million raw reads were obtained in the two libraries, respectively ( Table 1) . The data of Q20 and Q30 were both more than 90% of the raw reads. The percentage of total G and C in all bases of JCH was 51.67% and it was50.63% in NHP.
Referencing the duck genome (GCF_000355885.1), the total sRNA reads were 6215728 and 6463060 in the JCH and NHP libraries (Supplementary file 2). In the two libraries, there were 4570475 (73.53%) and 4887684 (75.62%) reads mapped to the reference genome, respectively for JCH and NHP groups. As seen in Figure 1 , the length of sRNA was mainly distributed from 21nt to 27nt in JCH and NHP libraries, and the most abundant length size were 21nt, 22nt, and 23nt. The number of 22nt miRNAs accounted for 18.88% in JCH group, and accounted for 21.03% in NHP group.
Identification of conserved and novel microRNAs
By comparing to the known miRNAs of miREVO and miRDeep2 software, conserved miRNAs were identified in JCH and NHP group, which was 218 and 228, respectively (Supplementary file 3). According to the symbolic structure of the miRNA hairpin, we used miRDeep2 and miREVO software to discover the novel miRNAs. The results showed that the numbers of novel miRNAs were 26 and 27 in JCF and NHP. Comparing these novel miRNAs, there are 25 novel miRNAs which are shared in two libraries (Supplementary file 4). Therefore, these novel miRNAs may be specific for duck species or had not identified yet (Supplementary file 5). The typical secondary structures of 28 novel miRNAs pre cursors were predicted by miRDeep2 software and shown in Figure 2 . Figure 1 . The length distribution of small RNA in JCH and NH-P. JCH, Jianchang duck; NH-P, Nonghua P-strain meat duck. 
Analysis of differential expressed miRNAs
The differential expression of miRNAs were enriched by using two standards that were p value<0.05 and foldchange log2 (JCF/NHP)>0.05. The volcano plots ( Figure 3A ) of JCF vs NHP concluded the distribution in different expressed miRNAs at the whole. There were 66 significant differentially expressed miRNAs enriched between the two libraries, including 23 significant up regulated (p<0.05) and 43 significant downregulated (p<0.05) ( Figure 3B ). The top 21 miRNAs with the different expression levels in JCF and NHP (Table 2 ) are listed. It was found that gga-miR-6651-5P, which is involved in regulating the process of resistance to the MADV [11] , was the largest upregulated in JCH compared to NHP and its expression was only detected in JCH. We also no ticed that gga-miR-122-5p was the largest downregulated in JCH and it played an important role in the growth and development of liver, lipid metabolism [23] . The fold changes of 21 listed differ ential expressed miRNAs were all above 0.5 times.
Gene ontology analysis of miRNAs target genes
Distribution of the candidate differential expressed miRNAs targetgenes in the GO will clarify the main possible differences of BF impacted by genetic backgrounds. The results of GO analysis of miRNAs target genes is shown in Figure 4A . The significantly enriched GO terms were mainly distributed in biological process and molecular function. In addition, directed acyclic graph (DAG) was used to further display the detailed relationship of the en riched GO terms, and the deeper the color indicates the higher the level of enrichment in DAG dates. The target genes enriched in biological processes mainly concluded cellular response to stimulus, cellular process and cellular communication ( Figure  4C ). In cellular components (Figure 4D ), the main differences were concentrated in the intrinsic to membrane and integral to membrane. In molecular function ( Figure 4B ), the main differ 
KEGG pathways enrichment of differential expressed miRNAs target genes
The scatter diagram of KEGG pathways enriched by differential expressed miRNAs target genes showed the top 20 enriched path ways, and the results revealed that the metabolic pathways (304 targets genes of enriched miRNAs) had the maximum enrich factor value and the lowest Q value ( Figure 5A ). Some pathways that ranked in the top 20 associated to immunity, such as pathways in cancer and bacterial invasion of epithelial cells. When con sidering the quantity of target genes enriched in each pathway, we found that PI3KAkt, EpsteinBarr virus infection, human Tcell leukemia virus type I (HTLVI) infection and mitogen activated protein kinase (MAPK) signaling pathways were all ranked in the top 20 and all of them were related to immunity ( Figure 5B ).
Using the miRNAs target genes related to immunity to analyze KEGG enrichment, the top 18 enriched pathways are listed in Figure 5C . Some of the differentially expressed miRNAs targets genes were enriched in HTLVI infection, Influenza A, bacterial invasion of epithelial cells, B cell receptor signaling pathway, T cell receptor signaling pathway, viral carcinogenesis, Apoptosis and MAPK signaling pathway. These enriched pathways indicated that there exists differences in immune resistance to disease both in innate and acquired immunity between two genetically dis parate duck breeds.
Verification of the differential expressed miRNAs
We chose 10 miRNAs which from the top 21 miRNAs with the highest expression levels in JCF and NHP to verify the expression profiles. The selected miRNAs include the upregulated miRNAs, such as gga-miR-6651-5p, gga-miR-194, gga-miR-29b-3p, ggamiR-458a-3p and the downregulated miRNAs which were ggamiR-122-5p, gga-miR-10a-5p, gga-miR-1a-3p, gga-miR-1b-3p, gga-miR-133a-3p, gga-miR-10b-5p. We verified that the expre ssion of 10 miRNAs in the BF of JCH and NHP ducks at 3, 4, 5 weeks by real time PCR. Through calculating the results that the fold change log2(JCF/NHP), the results showed that there were 9 miRNAs (90%) that had the same variation trend compared with the results as predicted at 4 week ( Figure 6 ). By com paring the predicted dates of 4 weeks to the experimental dates of 3 and 5 weeks, there are 7 and 8 miRNAs with same variation trend, respectively.
DISCUSSION
MiRNAs, as small noncoding RNAs, take part in regulation of various biological processes at the posttranscriptional level [24] . By highthroughput sequencing, recent studies have illustrated that miRNAs play a role in different organs of ducks, including embryonic breast muscle, ovary, feather follicle and skin [2527] . Previous studies have suggested that miRNAs are key regulators of the immune system [8] . Some researchers have discussed the functions of miRNAs after ducks were infected with disease [28, 29] , however, fewer reports have displayed the impacts of genetic backgrounds on miRNAs function of ducks' immune organs. In the present study, it was shown that some of the predicted miRNAs geting the transcription factor acute myeloid leukemia 1 (AML1) [31] . And, some of the predicted miRNAs were related to immune response, e.g. miRNA-146a has an important function in the innate immune system by controlling Tolllike receptors and cytokine signaling through a negative feedback loop involving the downregulation of interleukin1 receptor associated kinase (IRAK1) and tumor necrosis factor receptor associated factor 6 (TRAF6) (signaling components of the tolllike receptors [TLRs]) [32] . The let-7 is downregulated in many human tumors and overexpression of let-7 inhibits cancer growth [7] . All of these predicted miRNAs support the concept that the brusa of Fabri cius is an essential immune organ and the BF of ducks play an important role in immunity and resistance to disease. There were total 28 novel miRNAs identified in the present study. It was found that these novel miRNAs were involved in immune and resistance to disease through predicting their target genes. The tendency of novel miRNAs functions was same as with the conserved miRNAs. In the predicted target genes, RIG-1 (matched 3 novel miRNAs) works as a cytoplasmic protein that mainly recognizes viral dsRNA [33, 34] , NF-kB (matched 4 novel miRNAs) is a crucial transcription factor for immunosuppression and antiinflammatory molecules [35] , and IRF-7 (matched 3 novel miRNAs) can regulate typeI infectiondependent immune responses as a transcriptional regulation factor. In addition [36] , all these genes (RIG-1, NF-kB, and IRF-7) are key components of RIG1like receptor signaling pathway. The duck is considered to have a higher antiadversity ability than other birds, and as such are less susceptible to avian influenza [29, 37] . These novel miRNAs, which might be specific to the duck and have a pre dicted correlation with avian influenza, indicte that these novel miRNAs may be associated with duck high antiadversity ability. Further researches would be needed to investigate the detailed functions of these novel miRNAs in the resistance to disease.
Ducks from JCH and NHP were disparate in genetic back grounds, JCH is a local breed with strong physical features and only produced within in Sichuan Province in China. NHP is a new cultivated breed, with highstrength selection process in order to acquire maximized economic traits. In our laboratory previous study, it had been demonstrated that the differences exist in immune organ index, organization structure and expression of immune related gene and protein in the blood between JCH and NHP ducks. The data showed that there were 66 differential expressed miRNAs in the brusa of Fabricius between the two varieties of ducks. The accurate of sequencing data were con firmed by realtime PCR, and proved with a high repeatability (9 of 10). These differentially expressed miRNAs in BF may con tribute to the divergent immunity between duck breeds. As in detail, the top 8 miRNAs with higher expression in JCH (Table  2) were almost all involved in immunity and disease by analyzing the function of differential expressed miRNAs. For example, the gga-miRNA-6651-5p was only detected expression in JCH, and it had been demonstrated that it was dramatically increased in the MADVGAinfected nontumorous samples but not in the tumorous and mockinfected groups, suggesting that it may be involved in regulating the process of resistance to the MADV [11] . Moreover, study had showed that miR-215 functions as a tumor suppressor that regulates cell cycle progression [38] . The miR-147 was induced upon Tolllike receptor stimulation and functioned as a negative regulator of TLRassociated signaling events in murine macrophages and it was upregulated when chickens were infected with Marek's disease virus [39] . In addi tion, miRNA 194 might play an important role in various cancer invasion and progression [40] . Therefore, the most differentially expressed miRNAs with higher expression in JCH were almost all related to immunity and disease, which supports JCH as having a better ability of disease resistance than NHP. Moreover, these enriched differential expressed miRNAs maybe provide new insight into molecular marker assisted selection of resistance to disease in poultry.
The GO terms, such as cellular response to stimulus, cellular communication, receptor activity, enriched the most target genes. The bursa of Fabricius, with many B cells, is one of essential im mune organs [4] . The mature B cells can synthesis immunoglobulin and it had affirmed that there are IgM, IgG, and IgA in avian, which had a role in immune response to fight infection, cyto toxicity, cytolysis and neutralize virus infection [28] . In addition, the BF also provides microenvironment for the occurrence of humoral immunity [41, 42] . Therefore, there was frequency reco gnition of external stimuli and signal transfer, and the BF miRNAs of two duck breeds were different in these aspects. KEGG path way showed that there were many enriched pathways involved in immunity and disease, such as Pathway in cancers, Bacterial invasion of epithelial cells, HTLV1 infection [43] , Influenza A, T cell receptor interaction, and Ras signaling pathway [44] . Taken together, these results agreed widely with the results of differential expressed miRNAs function, suggesting that the BF functions of two duck breeds were differenct in immunity and miRNAs may play a crucial role in the process of immune regulation.
The KEGG analysis showed that the metabolic pathways had the maximum enriched factor value and the lowest Q value. As a part of metabolic, cell cycles were also enriched and ranked in top 20 enriched pathways, such as, MAPK signaling pathway [45] , Focal adhesion [46] , extracellular matrixreceptor inter action [47] , and NGlycan biosynthesis [48] . In addition, PI3KAkt pathway had secondary enriched genes and it had demonstrated that it might be mediate the direct antiapoptotic activity of chicken bursal B cell cultures [49] . Proteins, as main ingredients of cells, are synthesised in the process of cell proliferation and many pathways related to protein synthesis and modification were enriched, such as Protein processing in endoplasmic reticulum [50] , Ubiquitin mediated proteolysis [51] . On the contrary, the results showed that differences existed in apoptosis and lysom some. These results indicated that there were differences in cell proliferation and apoptosis. Previous research had demonstrated
